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(54) FUEL BATTERY 

(57)Abstract: 

PURPOSE: To provide a fuel battery to which a 
reformed gas can be directly supplied. 
CONSTITUTION: In a fuel battery in which a gas 18 
containing hydrogen is used as a fuel, a palladium 
series metal film 14 is provided as a hydrogen 
separation film of selectively transmitting hydrogen 
into the hydrogen pole side of a proton conduction 
type electrolyte layer 11. Hydrogen is preferentially 
transmitted from the gas touching the hydrogen pole 
through the palladium series metal film and 
transferred to the foregoing electrolyte layer to 
generate an electric power, so that a reformed gas 
can be supplied as a fuel direction to the battery 
without the gas containing hydrogen obtained by 
particularly reforming the fuel being refined with high purity in advance. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The fuel cell characterized by making hydrogen penetrate preferentially out of 
the gas which comes to arrange the hydrogen demarcation membrane which makes 
hydrogen penetrate alternatively to the hydrogen pole side of the electrolyte layer of a 
PURONTO conduction type in the fuel cell which operates considering the gas containing 
hydrogen as a fuel, and touches a hydrogen pole through the hydrogen demarcation 
membrane concerned, and generating electricity by transmitting to said electrolyte layer. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Without refining beforehand the hydrogen content gas which 
reforms especially the fuel concerned and is obtained to a high grade about the fuel cell 
which uses alcohol, such as hydrocarbons, such as methane, or a methanol, as a fuel, this 
invention is devised so that the hydrogen pole of the cell concerned can be directly supplied 
by using reformed gas as a fuel. 
[0002] 

[Description of the Prior Art] A fuel cell hardly generates the noise, when it is not 
necessary to use the fossil fuel which has the exhaustion problem of a resource, but since it 
has the description which was [ make / compared with other energy engines / recovery 
effectiveness of energy / very high ] excellent, it is use as a comparatively small power 
generating plant of a building unit or a works unit. In recent years, this fuel cell is used as 
a power source of the motor which replaces with the internal combustion engine for mount, 
and operates, and it considers driving a car etc. by this motor. In this case, it makes into a 
natural thing for an important thing to reuse the matter generated by the reaction as 
much as possible, and it is desirable for a not much big output to be small as much as 
possible with all the equipment of a not required thing, and the fuel cell which uses ion 
exchange membrane from such a point, especially the solid-state polyelectrolyte film fuel 
cell attract attention so that clearly also from it being an object for mount. 
[0003] Here, the basic structure of the body of a solid-state polyelectrolyte film fuel cell is 
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explained as an example, referring to drawing 4 . As shown in this drawing, the cell proper 
01 is constituted by joining gas diffusion electrodes 03A and 03B to the both sides of the 
solid-state polyelectrolyte film 02. And this zygote is manufactured by carrying out a 
hotpress etc., after setting gas diffusion electrodes 03A and 03B by the both sides of the 
solid-state polyelectrolyte film 02. Moreover, the reaction film 04A and 04B and the 
gaseous diffusion film 05A and 05B are joined, respectively, and, as for gas diffusion 
electrodes 03A and 03B, the front face of the reaction film 04A and 04B touches in the 
electrolyte membrane 02. Therefore, a cell reaction mainly occurs in the contact surface 
between an electrolyte membrane 02 and the reaction film 04A and 04B. moreover, the gas 
separator which has oxygen supply slot 06a in the front face of the above-mentioned gas 
diffusion electrode 03A - moreover, the gas separator 07 which has hydrogen supply slot 
07a is joined to the front face of gas diffusion electrode 03B of another side, respectively, 
and the oxygen pole and the hydrogen pole are constituted. 

[0004] And if oxygen supply slot 06a and hydrogen supply slot 07a supply oxygen and 
hydrogen, respectively, oxygen and hydrogen will be supplied to the reaction film 04A and 
04B side through each gaseous diffusion film 05A and 05B, and the following reactions will 
occur by the interface of each reaction film 04A and 04B and an electrolyte membrane 02. 
interface [ of reaction film 04A ]: -- interface [ of 02+4H++4e~>2H2 O reaction film 04B ]: -- 
2H2 ->4H++4e- here - 4H+ Although it flows from a hydrogen pole to an oxygen pole 
through an electrolyte membrane 02, 4e* will flow from a hydrogen pole to an oxygen pole 
through a load 08, and electrical energy is obtained. 

[0005] By the way, when a hydrocarbon or alcohol is used as a raw material, as a 
conventional method of working a fuel cell and obtaining power, there is a thing as shown 
in drawing 3 . In this drawing, after desulfurizing material gas first, if steam is mixed at a 
predetermined rate and it feeds into a reforming machine, the following steam-reforming 
reactions will advance under existence of a reforming catalyst. That is, if the example of 
methane shows, the reaction of following reaction-formula (l) - (3) shown in "** 1" will 
advance. 
[0006] 
[Formula l] 



[0007] The reforming reaction of hydrocarbons, such as the above-mentioned methane, is 
H2+, so that temperature is high, and a pressure is low from a viewpoint of 
thermodynamical equilibrium and there are many steam ratios. A reaction advances to the 
direction where the concentration of CO becomes high. 

[0008] consequently, the outlet gas of a reforming machine - H2 others - CH4, H2 O, and 
CO and C02 Although gas is contained, since CO serves as catalyst poison, generally with 
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the fuel cell of a phosphoric acid mold or a solid-state polyelectrolyte membrane type, the 
reformed gas from a reforming machine cannot be used as fuel gas for direct fuel cells. 
[0009] Then, reformed gas is fed into CO transformer and it is CO by the reaction (3) of the 
above-mentioned [ bottom / of catalyst existence ] H2 It converts and mitigating CO 
concentration to about 0.5 - 1% is performed. When there is the need of furthermore 
reducing CO concentration, raising purity is performed until it applies the gas after CO 
conversion to a gas purifier further, for example, CO is set to 10 ppm or less. As a gas 
purification method at this time, there are means, such as low temperature processing, an 
adsorption separation method, the deoxo method by the palladium catalyst, a wet 
absorption purification method, and a diffusion method by the palladium system alloy film. 
[00 10] Thus, the heat of combustion of hydrogen is transformed to direct current power by 
supplying the gas (CO concentration having been reduced especially) containing the 
hydrogen of the high grade obtained to the hydrogen pole of a fuel cell, and supplying air or 
oxygen gas to another side and an oxygen pole. 
[0011] 

[Problem(s) to be Solved by the Invention] With the conventional technique which was 
mentioned above, it is a fuel cell, especially it is obliged to complicated down stream 
processing (refer to drawing 3 ) in especially concentration reduction of CO so that 
poisoning of the polar-zone catalytic-reaction layer may not be carried out. 
[0012] That is, there are the following faults after a steam-reforming reaction. 

1) Need CO transformer. 

2) Need an altitude refiner further depending on the case. 

3) Consequently, equipment expense and running cost become expensive and worsen 
economical efficiency. 

[0013] This invention aims at offering the fuel cell which can supply reformed gas to the 

fuel cell concerned directly in view of the above-mentioned problem. 

[0014] 

[Means for Solving the Problem] The configuration of the fuel cell concerning this 
invention which attains said purpose is characterized by to make hydrogen penetrate 
preferentially out of the gas which comes to arrange the hydrogen demarcation membrane 
which makes hydrogen penetrate alternatively to the hydrogen pole side of the electrolyte 
layer of a PURONTO conduction type, and touches a hydrogen pole through the hydrogen 
demarcation membrane concerned, and to generate electricity by transmitting to said 
electrolyte layer in the fuel cell which operates considering the gas containing hydrogen as 
a fuel. 

[0015] Hereafter, the contents of the fuel cell concerning this invention are explained to a 
detail. 

[0016] It is the block diagram showing the outline of the fuel cell concerning this invention 
in drawing 1 . As shown in this drawing, while forming the catalyst bed 12 for hydrogen 
dissociation in one side face of an electrolyte membrane 11, the catalyst bed 13 for 
hydro-acid-izing is formed in the side face of another side. Moreover, the negative-electrode 
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side gas separator 15 is laid on top of the palladium system metal membrane 14 list as a 
hydrogen demarcation membrane which serves as a hydrogen electrode in the side face of 
the catalyst bed 12 for one hydrogen dissociation one by one. The positive-electrode side 
gas separator 17 is laid on top of the oxygen electrode 16 list of porosity nature one by one 
also on the side face of the catalyst bed 13 for hydro-acid-izing of another side. 
[0017] And the hydrogen content fuel gas 18 as reformed gas is discharged out of a system 
as a stream 20, after the fuel gas passage 19 formed in the above-mentioned 
negative-electrode side gas separator 15 is supplied and hydrogen is consumed in part. On 
the other hand, oxygen content gas 21, such as air, is discharged out of a system as a 
stream 23, after the oxygen content gas passageway 22 formed in the positive-electrode 
side gas separator 17 of the opposite side is supplied and oxygen is consumed in part. 
[0018] The palladium system metal membrane 14 as a hydrogen demarcation membrane 
which serves as the above-mentioned hydrogen electrode here has the capacity to make 
only the hydrogen in hydrogen content fuel gas 18 penetrate alternatively, and it 
penetrates the inside of the palladium system metal membrane 14 concerned, and he is 
trying to lead the hydrogen of the above-mentioned hydrogen content fuel gas 18 to the 
electrolyte membrane 11 of a proton conduction type. 

[0019] As a palladium system metal membrane 14 which makes this hydrogen penetrate 
alternatively, Pd single ****, the Pd-Ag alloy film, the Pd-Y alloy film, the Pd-Ag-Au-Ru 
alloy film, etc. can be mentioned, for example. 

[0020] About passage of the hydrogen in these palladium system metal membranes, many 
researches are made after discovery of Graham, and the setup of the transparency device is 
as follows. 

(1) A hydrogen content child sticks to the front face of the film by the side of raw gas. 

(2) Dissociate to a hydrogen atom, with an adsorption hydrogen content child adsorbing. 

(3) An adatom ionizes, separate into a proton and an electron and award an electron to a 
metal grid. 

(4) It is spread in the opposite side (purification hydrogen side) from a membranous raw 
gas side in the state of a proton. 

(5) A proton receives an electron from a metal grid in the opposite side, and the atom of the 
letter of adsorption generates. 

(6) Association of two adsorption hydrogen atoms generates an adsorption hydrogen 
content child. 

(7) a film surface to a hydrogen content child's desorption - carry out. 

Only the hydrogen which carries out a dissociative adsorption and can be in a proton 
condition by the above-mentioned step can carry out diffuse transmission of the inside of 
the film. 

[0021] Next, the relation between the behavior of the hydrogen and the acid which are 
supplied as a fuel of the fuel cell which made the hydrogen pole the above-mentioned 
palladium system metal membrane 14, and the power to generate is explained below. 
[0022] First, hydrogen infiltrates into said palladium system metal membrane 14 from the 
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fuel gas passage 19 side by the side of a negative electrode, and by the alternative 
hydrogen permeation function of this film, after it moves to the other end of the palladium 
system metal membrane 14 concerned in the proton H+24a condition, it is diffused in the 
catalyst bed 12 for hydrogen dissociation in a hydrogen content child's condition. Next, by 
the catalysis of the catalyst bed 12 concerned, a hydrogen content child dissociates and is 
proton H+. Electron e - It generates. Furthermore, concerned proton H+ Proton H+ which 
diffuses an electrolyte membrane 11 02 which is set to flow 24b, reaches the catalyst bed 
13 for hydro-acid-izing, and diffuses the inside of the porous oxygen electrode 15 from the 
oxygen content gas-passageway 22 side by the side of a positive electrode It flows through 
flow 25 and an external electrical circuit. Electron e - Flow 26c is joined, it reacts and H2 O 
is generated. The H2 O concerned is the inside of an oxygen electrode 15 02 In flow 25, it is 
spread in the reverse sense, and the positive-electrode side oxygen content gas passageway 
20 is reached, and it is discharged. 

[0023] That is, when the reaction in the polar zone is summarized, it comes to be shown in 
following "** 2." 
[0024] 
[Formula 2] 

In the catalyst bed 12 for hydrogen dissociation H2 ->4H++ 4e- ... (4) 
In the catalyst bed 13 for hydro-acid-izing 4H++4e-+02 ->2H2 O ... (5) 

[0025] Electron e generated at the above-mentioned reaction (4) - Electron e - It becomes 
flow 26a, 26b, and 26c, moves to an antipole side, and contributes to a reaction (5). At this 
time, it is Electron e. - In case flow passes the electric load resistance 27, it will be 
outputted as power. 

[0026] In the above-mentioned explanation, although the palladium system metal 
membrane 14 as a hydrogen demarcation membrane which makes the hydrogen prepared 
in the negative-electrode side penetrate alternatively is provided in one side face of the 
catalyst bed 12 for hydrogen demarcation membranes established in the side face of an 
electrolyte membrane 11 as shown in drawing 1 , it explains explanation of the fuel cell 
which it comes to constitute without using the catalyst bed 12 for these hydrogen 
demarcation membranes with reference to drawing 2 . 

[0027] The configuration of the fuel cell shown in drawing 2 joins the palladium system 
metal membrane 14 to the side face of an electrolyte membrane 11 directly compared with 
the fuel cell shown in drawing 1 , and although the points which make unnecessary the 
catalyst 13 for hydrogen demarcation membranes differ, other configurations suppose that 
it is the same as that of the configuration of the fuel cell shown in drawing 1 . Therefore, 
about the overlapping member, the duplicate number is attached and the explanation is 
omitted. 

[0028] Next, the relation between the behavior of the hydrogen and the acid which are 
supplied as a fuel of a fuel cell which makes a hydrogen pole the above-mentioned 
palladium system metal membrane 14, and it comes to join to the direct electrolyte 
membrane 11, and the power to generate is explained with reference to drawing 2 below. 
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[0029] Hydrogen infiltrates into said palladium system metal membrane 14 from the fuel 
gas passage 19 side by the side of a negative electrode. First, by the alternative hydrogen 
permeation function of this film After moving to the other end of the palladium system 
metal membrane 14 concerned in the proton H+24a condition, with the condition of proton 
H+24a - the inside of the electrolyte membrane 11 concerned " advancing " further - 
concerned proton H+ Proton H+ which diffuses an electrolyte membrane 1 1 02 which is set 
to flow 24b, reaches the catalyst bed 13 for hydro-acid-izing, and diffuses the inside of the 
porous oxygen electrode 15 from the oxygen content gas-passageway 22 side by the side of 
a positive electrode It flows through flow 25 and an external electrical circuit. Electron e - 
Flow 26c is joined, it reacts and H2 O is generated. The H2 O concerned is the inside of an 
oxygen electrode 15 02 In flow 25, it is spread in the reverse sense, and the 
positive-electrode side oxygen content gas passageway 20 is reached, and it is discharged. 
[0030] That is, when the reaction in the polar zone is summarized, it comes to be shown in 
following "** 3." 
[0031] 
[Formula 3] 

In the front face (hydrogen pole side) of the palladium system metal membrane 14 which 

penetrates hydrogen alternatively H2 ->4H++4e- ... (6) 

In the catalyst bed 13 for hydro-acid-izing 4H++4e-+02 ->2H2 O ... (7) 

[0032] Electron e generated at the above-mentioned reaction (6) - Electron e - It becomes 
flow 26a, 26b, and 26c, moves to an antipole side, and contributes to a reaction (7). At this 
time, it is Electron e. - In case flow passes the electric load resistance 27, it will be 
outputted as power. 

[0033] For the above and the palladium system metal membrane 14, there is an operation 
which makes hydrogen ionize [ ionize and it adsorption-dissociates / operation ], and 
hydrogen is the inside of the film Proton H+ It moves in the condition. Therefore, it is 
proton H+ at joining the palladium system metal membrane 14 and an electrolyte 
membrane 11 directly. Flow can be delivered to an electrolyte membrane 11 from the 
palladium system metal membrane 14. 
[0034] 

[Example] Hereafter, based on the following examples, it explains that the fuel cell by this 
invention is effective, an electrical -potential- difference x current characteristic (IV 
property) - 0.75Vx0.2 A/cm2 namely, power flux density - 0.15 W/cm2 When operating a 
cell, it asks for the flux of the hydrogen which flows a cell. Since the hydrogen initial 
complements of per 1W are about 0.025 mols / h-w, using potential efficiency of a cell as 
64%, it is power-flux-density 0.15 W/cm2. The hydrogen flux phiH2 at the time serves as a 
mol (0.15 (0.025)) / cm2 and h= 1.37cm3 / cm2, and mm. Below, the conditions of the 
palladium system metal membrane for obtaining the aforementioned hydrogen flux are 
examined. Hydrogen flux phiH2 which lets the palladium system metal membrane 
concerned pass It is given by the formula shown in-one following "number." 
[0035] 
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[Equation l] 



[0036] Here, operating temperature is made into 120 degrees C (=393K), and a 
downstream hydrogen partial pressure is temporarily set to PL**0atm. Moreover, the 
Pd-Ag alloy film is adopted as a palladium system metal membrane. Since the thickness 
and hydrogen permeation multiplier are in inverse proportion, by adjusting thickness, the 
hydrogen permeation multiplier K can be set as a predetermined value, and the value of 
K=200-300 can be realized comparatively easily. Upstream hydrogen partial pressure PH 
which obtains hydrogen flux phiH2 = 1.37cm3 / cm2, and mm from the above-mentioned 
formula (1) It will be set to PH2=0.0143 0.0322atm if it asks. 

[0037] Therefore, when operating the total pressure of hydrogen content fuel gas by 
2atm(s), 0.7-1.6-mol % order ****** of the hydrogen concentration in this fuel gas will be 
good. 

[0038] However, in fact, although a larger value than an above-mentioned upstream 
partial pressure or the value of upstream hydrogen concentration is needed since gas 
constituents other than that a downstream hydrogen partial pressure is not zero and 
hydrogen are resisting to diffusion of hydrogen in the gas laminar film formed in the 
upstream and the downstream of the palladium charge metal membrane concerned, the 
example which rounded and made the formation conditions of a fuel cell as an experiment 
is shown below by making an above-mentioned condition value into a standard. 
[0039] (Example l) the example concerning the configuration of the fuel cell which showed 
this example to drawing 1 - it is - as the palladium system alloy film 14 - the Pa-Ag alloy 
film - using - structure and an operating condition -- and the result of the acquired 
generation-of-electrical-energy property is shown below. 

[0040] Although the hydrogen content gas and oxygen content gas which the fuel cell was 
made to energize were seen from the cell engine performance and it was superfluous, it 
turned out that it can generate electricity with the cell configuration proposed by this 
invention. 
[0041] 
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(l) Structure conditions of a cell Effective generation-of-electrical-energy area of a eel- 
5cmx5cm Electrolyte membrane (quality of the material) - perfluoro sulfonic acid type ion 
exchange membrane (film thickness) * 125 micrometers (ion exchange capacity Ae) -1.1 
meg/g-resin Catalyst bed (quality of the material) -P. t support carbon particle layer (a 
hydrogen pole side, oxygen pole side) 

: 0.12mm (Film thickness) :1.5 mg/cm2 (The amount of Pt support) Hydrogen separation 
metal membrane (quality of the material) :P a and Ag alloy film -25wt% (Ag content) (Film 
thickness) : [ About 10 micrometers ] Oxygen electrode (quality of the material) • The sheet 
made from porosity carbon : About 0.4mm (Thickness) Gas separator (quality of the 
material) : SUS316L : A width [ of 0.4mm ] x depth [ of 0.5mm ] x pitch 1mm (2) operating 
condition (The shape of a quirk) Temperature : 100 degrees C Pressure" Ordinary pressure 
Hydrogen content gas (presentation): H2 : 30-mol %, and H2 O:30-mol %, N2 : 38.5-mol % 
and CO:i.5mol % (flow rate) '1200 Ncc/min Oxygen content gas (presentation): 
Humidification air (02:19%, N2:71%, H2 O:l0%) 

: (Flow rate) 1500 Ncc/min(3) generation-of-electrical-energy engine performance Electrical 
potential difference: 0.7V Current density: 0.08 A/cm2 [0042] (Example 2) Next, the 
example concerning the configuration of the fuel cell shown in drawing 2 is explained. In 
this example, it has joined to the direct electrolyte membrane 11, using the Pa-Ag alloy 
film as palladium system alloy film 14. The result of this structure and operating condition, 
and the generation-of-electrical-energy property which could reach is shown below. 
[0043] Although the hydrogen content gas and oxygen content gas which the fuel cell was 
made to energize were seen from the cell engine performance and concentration 
distribution had become the amount of overage so that might not be formed in a gas side 
within a cell, it turned out that it can generate electricity with the cell configuration 
proposed by this invention. 
[0044] 

(1) Structure conditions of a cell Effective generation-of-electrical-energy area of a eel: 
5cmx5cm Electrolyte membrane (quality of the material) : perfluoro sulfonic acid type ion 
exchange membrane (film thickness) : 125 micrometers (ion exchange capacity Ae) =1.1 
meg/g-resin Catalyst bed (quality of the material) :P. t support carbon particle layer 
(however, only oxygen pole side) 

: 0.12mm (Film thickness) :1.5 mg/cm2 (The amount of Pt support) Hydrogen separation 
metal membrane (quality of the material) :P a and Ag alloy film :25wt% (Ag content) (Film 
thickness) : [ About 10 micrometers ] Oxygen electrode (quality of the material) : The sheet 
made from porosity carbon : About 0.4mm (Thickness) Gas separator (quality of the 
material) : SUS316L : A width [ of 0.4mm ] x depth [ of 0.5mm ] x pitch 1mm (2) operating 
condition (The shape of a quirk) Temperature : 101 degrees C Pressure: Ordinary pressure 
Hydrogen content gas (presentation): H2 : 20-mol %, and H2 O:30-mol %, N2 : 48.5-mol % 
and CO:i.5-mol % (flow rate) :1240 Ncc/min Oxygen content gas (presentation): 
Humidification air (02:19%, N2:71%, H2 O:i0%) 

: (Flow rate) 1550 Ncc/min(3) generation-of-electrical-energy engine performance Electrical 
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potential difference: 0.71V Current density: 0.05 A/cm2 [0045] 

[Effect of the Invention] As mentioned above, since the palladium system metal membrane 
was used as a hydrogen pole according to the fuel cell concerning this invention as stated 
with the example, the effectiveness which only hydrogen can be penetrated alternatively 
and shows it below is done so. 

1) In order to obtain high grade hydrogen like a conventional method, it becomes 
unnecessary to refine hydrogen, and the whole system is simplified and miniaturized by 
the deoxo method or membrane -separation method for burning alternatively CO which 
remains further after CO water gas shift reaction with a catalyst (CO->C02), the 
adsorption purification method, etc. 

2) The configuration of a fuel cell does not become complicated especially as compared with 
a conventional method. 

3) Moreover, in joining a palladium system metal membrane to a direct electrolyte 
membrane, a catalyst bed becomes unnecessary and structure simplifies. 

4) So, it can contribute to energy saving and saving resources according to the effectiveness 
of the above 1-3. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the decomposition perspective view of the gas separator concerning one 
example. 

[Drawing 2] It is the explanatory view showing the components structure of the separator 
of drawing 1 . 

[Drawing 3] It is the graph which shows the cell performance curve of a test result. 
[Drawing 4] It is the block diagram showing a solid-state polyelectrolyte film fuel cell. 
[Description of Notations] 

1 1 Electrolyte Membrane 

12 Catalyst Bed for Hydrogen Dissociation 

13 Catalyst Bed for Hydro-Acid-izing 

14 Palladium System Metal Membrane 

15 Negative-Electrode Side Gas Separator 

16 Oxygen Electrode 

17 Positive -Electrode Side Gas Separator 

18 Hydrogen Content Fuel Gas 

19 Fuel Gas Passage 

20 23 Stream 

21 Oxygen Content Gas 

22 Oxygen Content Gas Passageway 
24a Proton H+ 

24b Proton H+ Flow 
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25 02 Flow 

26a-26c Electron e - Flow 

27 Electronic Load Resistance 
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■eecso ±ie7?xa;iS[msso 3 A©^ffifc«, 

KiSt«i£?g 0 6a § #X-tr>> < U- $ f}\ i: /cf673 

<D#Z.ib®.mmo 3 BO^®tCfi7j<^Jgrf 0 7a*S 

[0 0 0 4] f'LT, K&fttMRO 6 a%.V7m{&t&m 

0 7 aimmR^m^ti^etim^-r^t, mm. zk 

Jftfi. £-^©#X&;&]10 5 A. 0 5 B4MT£)SI 

0 4 A, 0 4 BU'vWftSn, ^SJ4SH0 4A, 04B 

£«^SM0 2£©J?ffiT^e9£5fc£JStffiC.5o 

SJSISO 4 AcoWffi : 

02 + 4 H* +4 e- ->2H 2 O 

SfSJKO 4 BOW® : 

2H2 -*4H* +4 e- 

c c r% 4 h * itmrnnm 0 2 *a o ttkiss** e Km 

SNSStft 3 tf, 4 e - f±m^ 0 8 *ii o TzkS&Bifr p> m 
[0 0 0 5] i:c^T% KfblejRXttT'/l'a— 

*VT, M^7?X^:$-rflKi5L/-c©^, m^tOfiJ^T'X 

^xDenT^-rt, Tig rffcu {c^-rs/sse co ~ 
(3) vfcfctfmn-tz* 

[0 0 0 6] 

[fki] 

+ 3H 2 - • • (1) 

+ H 2 • • • (2) 

+ H 8 • • • (3) 

T, mmft&Tlctfii&tDE.fc (3) fcJ:t)C0«rH2 tc 

e^t. coss^o. 5~i %mmicmm?zc£& 

fcfi, c 0^fig^0**x«r^ e.tc#XK»S!^H{i:*H^ 
m«CO*l Op pmJ«Ttc^:SSTifiES«r±tfSC 

ti*ftt>t\% 0 ccom<oiJxmmmt.Lrit. mn»m 
[ooio] c©<fc5tcLTt#e>n£i»&s©7j<fiiST# 



(3) 



9 9 1 0 5 



*Tf5 CO Lfc) 7b*X;£BmmiS© 

*MSt«^L. fib??, ttXaic(i^[t > L<ttlHR^f 

[0 0 1 1 ] 

[SgfBtffl¥8;Lci:?i:-fSlfM] tui£L/-c«fc-5&e£*8 
ffiT-a, «m*&©#K«ffi&fl*«K£E*SS£^S 

coo 1 23 -r&fc*., 7m%&m.5.is&Lmcis^Ti± v> 
1) co^gf^r^t-r^o 

[0 0 13] *fflfl1,t±XEMmcmfr. &ft#X£lfi8 

SR^wiiiteft»T?**jiim«»*ii«-r* c t*g 

[0 0 14] 20 
[0 0 15] «T, 

[0 0 16] 01 Sj^«»©«B*a% so 

?Mf$.mr-3o?><, nmic&TtLSic* nmttmi i©- 
jjcDWwicymMmmcotemm i 2 ^tat* 5 tXKi&ys 

— 73©*SRfS¥l8ffl©«8l« 1 2©ffltfSt«7j<^«ffi%* 
fiffiffll^fX-fe/^U-^ 1 5*13Wti^*TV^. fife 
til 6afctfCIE««3SfX-fe/<U-$r 1 7*»UfcMaS- 

[0017] ftt, efea^xtbT©*iR^*«i»^ 40 

X 1 8(4±KftMI;tfX-t^P-* 1 5K»J«ShfeiB 
XhU-A2 0^LT^fC»fm*n«o ftfcS, ffiaft 

[0018] c c T'±%djkmmm*mtiz>7}<.$i'ft®mt 
LT<o'^wi*m&mm 1 4«, 1 

7kfg8?JSM©/&*&3 1 2 icfet^T, 



8 ^©Tk^O^^r^WfC^ia^-lt^^^-r^ fc© 
T-fc9> ±S*ift^frJ&*stff X 1 8<D7k^SS7^^ 

[0019] c<D7}<im*m$imcm&-g-&2>7* ; 7> ; <}ix 
h&jrk 1 4 1 Lta, «*ar p d*i*M. p d - a g 

l^lkM, Pd-Y^tl, Pd-Ag-Au-Ru^i 

[0020] cti*><D7<5Wi±?k&mmict5i7-2>7)<.m 

©ili&fcO^TSi. G r a h a m©MIttfl^ <©Sf^ 

(2) ««*|Rj!HF«tR«b^SS*MK?lcimr 

(3) i8»lK?tf«*L:/nh:/fcm?te#|iU t? 

( 4 ) fub ^(DftmTmommTjxMfr &e»« (fit 

STkSSW) icjtftts, 

(5) SWfflOT*ya h>^iStS^^P,a?^:^b?K 

(6) ««*JI6a(^2«Otti^fc:j:»>> ©«7j<^??r 

(7) M®^P»7k^^Offii*-r^o 

[00 2 1] ±IB/<^^^A^SI» 1 4 ^r7j<* 

[0022] 9t-f, 7H.mtfmM<Dmws7>ms& 1 9M 

mMX&AWmc*.*)* /Dh^H' 2 4 a«fflT*^K 
?©«IST-7ic|gft?Btffl©ftB«e 1 ^icS 

1 2 ott«^-e7k^^a»ittUT^n h > 

* tt, mPMMl l^rffi;tSj-r57'D h>H* ©gfttt2 4 
bfcft^t, 7kjSt&{kffl©«iSyi 1 3tcsiau JES0I 
©&S£&S#XiffilS 2 2 fldfr ££?Lte©Kfg«lS 1 5 © 
cf«rS£t!tLT<S02 ©gsn2 5*e.mc. ^gpm^iai 
mzmtrmxTz* m?e- ©am 2 6 c t&ffiLx 
kjsu H 2 o^Bg-r^o m^h 2 otmmmmi 5 
©*?roj ©gsn 2 5 £&mm%K&WLLTiEmwim 
^^xgsK2 oicpML^a^n^o 

[0 0 2 3] f&fc^ W®®T-<DKfclt*tlibZ>£, 

[0 0 2 4] 
[ft 2] 



(4) 



If gS¥ 5-2 9 9 1 0 5 



Hz -^4H* +4 e- 

*mmtm<ofmm i 3\ci3^T, 

4H' +4 e- + Oz ->2 Hz 
[0 0 2 5] ±E£fS (4) T'^-T^S^e- H\ « 
? e- ©85*12 6 a. 2 6 b, 2 6 c tfr^TKttmm 
fC^ifiLSiS (5) fc^-T^o ccot#, S^e- co 

C0026] iBSRWtefevTa, fimwicmiitzTkm 
1 4 a, 01 tc^-r * 5 tcm»?«gi 1 1 cDfaisic 

t£tt/-c7kill#gl^B«D8a$£JI 1 2 CD— fflflffiK^ttTVS 

[0 0 2 7] 0 2 KiS-r«SfiW60«|J«a:, B 1 fc^T 
?S£B§il 4 U 7fcX^HRffi<OM» 1 3* 

[0 0 2 8] *fc, ±J2/<5S>tf.MR&«itl 4^r?J<^ 

mt LR-ommmmnm 1 1 4:^lt***»wi!i© 

Ha ->4H* +4e- 

frfmitmnmrnm 1 3 t^vr, 

4H' +4 e- +Oz ->2Hz 
[0 0 3 2] _tfBSJS (6) T*£I?51?e- f±, « 
?e- ©85*12 6 a. 2 6 b, 26ct4-jtfi)ffil 
K&KLKJS (7) C©£#, «?e- cD 30 

[0 0 3 3] ±IB, '<?3?9i*&&HK 1 4 H\ 7j<jfS* 

1 4 £«fnw 1 1 tZ&mm-StZ c tT\ /nhv 

h* affitiZ'^w&zk&mm 1 4*^e,s«PKjKi 1 

[0 0 3 4] 



... (4) 

O • • • (5) 

[0029] $fe-r, TkiRttftsnoAm^fxsRes 1 sm 

^7^-7A^RKl 4©f6figK:»!&l,rc©% > 7°n h 
>H* 2 4 a<D^cD$$T'SE«^«S 1 1 <D^lcM 
AU IgrDhyH- tt, mfl?SBtl l*tt 

IrrsrD h>H* ©85*12 4 b t&^T, Tk^Kftffl 

©mobbi 3ksmu mmw(Dmm£m#xffiS62 2 

flS*^^?Ltt<O^Sffi 1 5 ©*£*£» LT<-S0z CD 
85*12 5 Seme, ttSBm^lelB&^ffiCTiffiA-rS,, « 
^e- ©85*12 6 c fc-&8SLTKJSU Hz 0£r£fiR-f 
-5c ^KHz 0«K^«S1 5©t££rOz ©85*i2 5£ 

nm.m2ici&WLLTmsMmmsmtfxffig& 2 0 earn 
u#as*is«, 

[0 0 3 0] -r&fr-^ m@gPT?©SJ&&3:£:i&3i:, 
[0 0 3 1] 

[fk3] 

• • • (6) 

O • • • (7) 

tt(IVj$fi) A<0. 7 5VX0. 2 A/cm 2 -ffcte 
•^S*^*T'0. 1 5W/c m 2 lCTW&%S!}ft-£it& 
«^£85ft§7j<#||©;7^-y^X£2£i6T*3c> 11 
*fi©SBB»4s* 6 4%t LT, 1 t) ©TkJRftSfttt 
**!0. 0 2 5€;l//h • wT'i&5*^> l^lS'tO. 1 
5W/cm 2 ©£#©7j<ig:7^<y?X4>Hz{i (0. 0 
2 5) (0. 15) Wcm ! -h=l. 37cm 3 
/cm 2 -mmt^S. O^fC, MiecD7j<^75 y ^X 

«Hz a, tib rau »c^-rsci?^-*6*i* 0 

[00 3 5] 

BSi] 



so 



(5) 5-2 99 1 0 5 

7 8 

tfH 2 =K-exp [ -Ba/RT] • (VTT-VTT) --•(!) 



K : ?fc%3affi& (cm' /cm 2 -mm) 

E a : ttftir*rt-«*Sttfki*^^- (= 2550ca l/mol) 
R : fm&HL (= 1 . 9 8 7 cal/mol • k) 
T : ;J£*fS® (K) 

[0 0 3 6] CCT'« SfftBtt* 120t (=3 9 3 ^«©±*«* *trF«E«»i:»J«*n*ifX«ffl|tefe 

K) i:U Ti!SM7j(jR^ff{ifiKPt^0 a tmtt V^T*jii©ffif&{c#LTigm££.3ft:i6. ±i£©_hj5itffl!] 

£f£ffS Jt«WSBtK = 2 0 0~3 0 20 [0 0 3 9] (ggSS0!ll) #08«\ BllK:^Lfe«»« 

octets e ±iaas ( i ) mv>mmz%z$mmT~&*)^ >^wwk&&m 1 4 

*I777^X$H2 =1. 3 7cmVcm ! -mm t LT P a • A g^&M*fliV\ *iM3J:tf»flE*ttfc 

*#s±gitffli*«»ffPB ^a6st. ph2=o. 01 sr;f snfesim^csss^WTc^-r. 

43~0. 032 2atmt^. [0 0 4 0] «SRWftKa««*fc7kJIS*&*X* £tf 

[0 0 3 7] ffit>T, zk*S#»B:*fX©£ff* 2 a t KJMrtfjtfXtt, Wlkttll&&JlTilff&&:?>Tt^S 

mT'Sfttsf^ica, ra«mifx*©zk*j««tio. a\ *«wp«jisi,fewsiij«-p««"p**{ii:38q»Jo 

7 — 1. 6^tV%(0^-iTibtiaSL^CtttS:^o fz 0 
[0 0 3 8] L*»U *BHc*4Tat«*il6»E»4-t?ci"e [00 4 1] 

(1) «f&i9«iSlfe# 
•fe;I/0#J565§*BS : 5 c m x 5 c m 

Sft?a« (UK) : A-7;l/tDXM^ll'ft^M 
GKJS*) : 1 2 5 /xm 

Wt^i§iAe) : 1. lmeg/g-resin 
ttttMl (#S) : P tfiif*— CddKCM. ftXSfiB) 
C&JP2) : 0. 1 2mm 
(P tmnW) : 1 . 5rag/cm ! 

7kmftM&mm :p a - a 8 ^k 

(A : 2 5w t % 

GRIP*) : *tr 1 0 /t m 

:i^0. 4mm 
tfX-fe/SU-* : S U S 3 1 6 L 

: rtj 0. 4mmx^0. 5 mmx tf y ^ 1 mm 

(2) jgfl^ff 
iSA : 1 0 0°C 
EEJ] 

zk^t-&W#X (fflfig) : Hj : 3 0^%, Hz O: 3 0t;l/%, 

Nz : 38. 5^;b%, CO: 1. 5€-;l/% 
(MS) : 1 200Ncc/min 



9 



(6) 



Itia^F 5-29 9 1 0 5 

10 



mmnmxx mm ■■ tmm&%. co 2 : i 9 %. n 2 

H2 O : 10%) 
(SS*) : 1 5 0 0 N c c /m i n 



7 1 %. 



(3) 



ms. : 0. 



[0 0 4 2] (Mmmz) *K, 



7 V 

0. 0 8A/cm ! 



-i>2^££K 1 4 i: LTP a • A g£&M*ffli,\ its 



10 



[0 0 4 4] 



[0043] «ss«»ca«*-&fc7k*«*f^x43*t; 
( 1 ) nm<DM&#kft 

■ir;l/0#?»SI«ffia : 5 c m x 5 c m 
: 125/im 

(^VS&^ilA e) : 1. lmeg/g-resln 

mmm mw> ■ p t mmx-x^n^m (fejsu axono*) 

: 0. 1 2mm 
(P tg&S) : 1. 5mg/cm 2 

7mftm&mm mm :pa-A g * 

(Agtff) 

(#») 



: 2 5 w t % 
: #J 1 Ojim 

$J0. 4 mm 



(2) 



: 1 0 1 °C 
EE* : #BE 
zkifl^WtfX 



[) : S U S 3 1 6 L 
rfrO. 4mmx3E£0. 



5mmxlf7f 1 mm 



mm 
mm 



mm 
(3) 5%m&m 

MEE : 0. 7 1V 
mftl®S:-0. 0 5 A/cm 2 

[00 4 5] 

ram©**] siisspa^tc^/ciidfc^ig^ 

s/S'^^5fc^#-r5co*M«T-^wt^ ceo 
2) flm«tto«i«a, fle*ffi»cifc«LT»tetBtfc* 



H2 : 2 0*71/%. Hz 0 : 3 0*71/%, 
N 2 : 48. 5*71/%, CO: 1. 5*7l>% 
1 2 4 0 N c c/m i n 

(O2 : 1 9%, N2 : 7 1 %, 
Hi O:i0%) 
1 5 5 0 N c c/m i n 



40 5Ci:ii§l,> 0 

3) £7c, 7^^^A^^s®^i£g«paii:s-&-r 

4) ^ft&k:, ±IHD ~3) ©Sast«fc(?*x^. 
[0ffi©fB*^SiBj] 

[01] -*SgPfn«5^X-ir7^-^o^^tg0T* 
2d -So 

[02] 0i©-fe7^-^©gpa«ii^-ritt^0T^ 
so [03] KBtts»o«»eiiefl«*^-ry57T?**. 



(7) 



^mW- 5-2 99 1 0 5 



11 



12 



[i4] m»M^mmmmmmm^mrm^svs> 

i i mmmm 

1 2 7k^»KfflO«jiB 

1 3 *mmtm<Dmm 

1 4 *5i?VL3k&MWi 

1 5 ftffifflBtfX^U-* 

1 6 mmmm 

1 7 lEaawx-fe^i"-* 



1 8 Tkmsmmw* 

1 9 '«S55fXi»HS 
20, 2 3 Xh'J-A 

2 i MEdft*rx 

2 2 ust^ftfxgftsg 

24 a ^nh>H + 

2 4b /DhVH + OSSn 

2 5 Oz ogsn 

2 6 a — 2 6 c S^e- OSSn 
2 7 «?ft«HEift 



[Hi 3 



CH2] 



27 



15 



17 




21 



AAAAAA^n 



27 



jEtfiflM*;* 
17 




18 



21 



14 



[03] 




♦ * 











H 2 


•ft 


fft 


SI 






3$ 






a 


1 





(8) 



mmW- 5-2 9 9 1 0 5 



[@4] 



r-OV 



03A 




cams] W4*6fl3B 
i^wmm i ] 

[W*3t 1 3 ****** S # X feflgfl t L TfH&r 
[*&«IE2] 

MiEft*sst&] warn 

[ffiIE*f#lJSB£] 0 0 14 
[0 0 14] 

[#ttWE3] 

HfiE*fSi«g£] 00 20 



MEMS] 

[0 0 2 0] cn60/<55?«>i**^jBfltK:feW-*** 
CDjiiiJCOl/^T{iv G r a h a mOMWK^< OPS 1 ? 

So 

(4) •7vh>'(DvmvBgt<Dmm#xwfrZEttM en 

(6) 8W#*JK : y2««M8^K:j:»K KIMdR»7* 

(7) HHB^6*«»?*.B»-r*. 
±»©Xr-y :7k: .!:?>, LT7uh Vttttfc * 

mmmmmm^i 0034 

[0 0 3 4] 



(9) 



&B8W-5-2 9 9 1 0 5 



14 (I V#1£) #0. 7 5VX0. 2A/cm 2 tSt) 
%mtl£g.T-0. 1 5W/cm 2 fcTWm*®ttt£l£Z> 

tii<DWB8&*: 6 4 % t LT. lWSt) ©zkJfefcgfili 
&0. 0 2 5Wh • wT'SS*^, iMSO. 1 
5W/cm 2 Oit©7j<g777i'X0H2 li (0. 0 



2 5) (0. 1 5) Wcm ! • 
/cm 2 • m i n tft&o O^lc, 



h= 1 . 3 7cm 3 



^Hzti, Tie ran {c^-r^T-#^.e»n-5c 

HMK?gIE5] 
C«IE*^»»S] WSfflS 
CffliEM^g*] 0035 
[*§IE73 i4] £M 

CO 0 3 5] 



0H 2 =K • exp [ -Ba/RT] • CVT^WTD 



(1) 



K : 7Mt2ifi<£H& (cm* /cm 2 ■ m i n) 

Pa. Pi : *ft^tt*5&Co^T©±2K<BKME. TSM»^fiE(at«> 

E a : &^r(c*f-T Sffilifbai*^^- (= 2 5 5 0 c a 1 /m o 1 ) 

R ; M>fcj£$L (= 1 . 9 8 7 c a 1 /m o 1 • K) 

T : &M&m (K) 



imimmmmz,! mm* 
Qt&tmmmzi 0036 

C*iIEf*|g] 

[0 0 3 6] CCT% SfRBgfc 1 20t (=3 9 3 
K) tU T?^ffl!l7j<^ff l±mc P l =0atmtf 
5. ^v->*^A^Si^tUT, Pd • Ag^i 

icmfeTzcu&T'Z. immmmcYi = 2 o o~3 o 
oottfciswrscfctf-i?**. ±e«5S (i) ^s, 

7k^7^y^^0H 2 = 1. 37cmVcra 2 -mi 
n.^rf#5±%{i!l7j<^£EPH :£r;£g>5j:, Ph =0. 0 
1 4 3 — 0. 0 3 2 2 a tmt45 t 



C#&«uE7] 
ClfiE*f&«g*] H8*B]# 
C*iIE*fSygB£] 0 0 4 0 
C«IE73&] 
CMiErt^] 

CO 0 4 0] flm«»Kaas-&to»kJI6*»5!fX*«fetf 
C#^*iIE8] 

CffiiE»^s«s] mmm 

ffiJEMMtmBZI 0 0 4 1 
RUE*}*] 
CSjEi*i&] 
CO 0 4 1 ] 



( i ) mmvmmfkft 

■£>\'<Dm%]¥£W.Wm : 5 c mx 5 c m 

mmmm mm ■. ^—y^u^t^wm^^y^m 

(.mmZ) ■ l 2 5 urn 

Wt^MiAe) : 1. lmeg/g-resin 

mmm mm ■ p t m&*-#>w?m om 

CmmS) : 0. 1 2mm 
(PtgJfM) : 1. 5mg/cm 2 

7kmft%k&mm mm :pd- Ag-s&m 

(A g#^) : 2 5 w t % 
(HPS) :#}10/im 
BJR«« (««) : &Hm.Z-tf>$!i~>- h 



(10) 



&m¥5-2 9 9 10 5 



0P£) :%)0. 4mm 
2TX-b/<U-* mm : S U S 3 1 6 L 

(MBVO :rt>0. 4mmxiJ0. 5mmx tf 1 mm 

(2) afftfcft 

jgg : 100t 



mm 



: H z : 3 0 H 2 O : 3 0 

Nz : 38. 5^E;l/%, CO: i. 5^&;l/% 
: 1 2 0 0 N c c /m i n 
btiB&SL (O 2 : 1 9 %. N 2 : 7 1%, 

He O : 1 0%) 
1 5 0 0 N c c /m i n 



(3) &n&m 

fltEE '■ 0. 



7 V 

0. 08A/cm 2 



came] W4^6^3a 
[#&raiE9] 

iWEsmmmZxi 0042 

OSIERS] 

[0 0 4 2] (%Mffl|2) ^C, 

©husk % % mmmzmm* z . 

VL>m&&m 1 4tLTPd 
tilli 1 fcS^LTi^S 



[#£!«IEl 0] 

immnmrnB^i 0043 

(1) nmcoM&gtft 

(Mm*) 



BflErtg] 

[0 0 4 3] J»»«fflfc:Jia*-a-fc***&itrx*J:tf 

fee 

[¥««IEl 1] 

[«iE^#as] ^ises 

[l«iE«^a«] 0 0 4 4 

[*§IE;£i£] 

[ffiiErtS] 

[00 4 4] 



5 c mx 5 c m 
1 2 5 /1 m 

W*>xMiA e) : 1. 1 me g/g-r e s i n 

(.mm?-) : 0. 1 2mm 

1 . 5rag/c m 2 
Pi - Ag^l 
2 5w t % 
:#J1 0/im 

$J0. 4mm 



MOW 

(P tlii) 
(A g-g-^^) 



#X-fe/<U-£ (*tSI) : S U S 3 1 6 L 
(MBiX) :rti0. 4mmxi^0 

(2) Iftftftft 

?gg : 1 0 1 "C 

7j<^#^^x mm 



5 mmxlf 7f 1 mm 



H2 : 2 0^e;l/%, H2 0 : 3 
Nz : 4 8. 5^;U%. CO : 1 . StW 
(MM) : 1240Ncc/min 



(11) 



#§g¥5-2 9 9 1 0 5 



mmsmis* mm :tm&*L (o 2 : i 9%, n 2 

Hz 0 : 1 0%) 
(StS) : 1 550Ncc/rain 

(3) mmm& 

ME. : 0. 7 1V 
Mffi&m.: 0. 0 5 A/cm 2 

i^mtmi 2] 1 
mjExm &m 1 

CtflErt??] 1 6 

[0ffi<Dfgi&£IBSE3 1 7 

cb 1 ] *^agg)-^«igitc«s«sa»»io«jaH -ga5 1 8 

So 1 9 

T-65o 2 1 

IlT&So 2 4 

cbb4] mmi*m±3MEmmmmmm& 24 

2 5 

c«re©Bwn 2 6 

1 1 mrnnrn 2 7 



7 1 %, 



, 2 3 XhU— A 

a rDhVH + 
b yuh>H+ ©sun 
02 (ostn 

a~2 6c a?e-OSin 



(72) »w* rtea m± 

)2;a!*j2;arl5ffiE«^ffHjE3Tg 6 §22^ 
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